The adsorption of Basic Red 18 (BR 18) from aqueous solution onto KF modified sepiolite was carried out as a function of pH, initial dye concentration, contact time and temperature. The equilibrium data were evaluated according to Langmuir and Freundlich models. The experimental results showed that the best correlation was obtained on Freundlich model. The adsorption kinetics was examined with pseudo-first order, pseudo-second order and intraparticle diffusion models. The result was best fitted for pseudo-second order kinetic model. Thermodynamic investigations were also performed to determine ΔH°, ΔG° and ΔS°. The results indicated that the adsorption of BR 18 was exothermic and spontaneous.
Introduction
Dyes are widely used as colorant in textile, paper, photography and leather industries [1, 2] . Textile industries are the largest generators of wastewater because these industries use up a large amount of water. Water contaminated with dyestuff is known to be toxic to the environment and dangerous for aquatic life [3, 4] . Hence, disposal of dyestuff contaminating water with appropriate methods is very important. These methods include adsorption, coagulation, precipitation, oxidation, bacterial biodegradation and biosorption [5] [6] [7] [8] [9] [10] . Among these, adsorption has been reported to be an effective process to eliminate water containing dyestuff [11] . Numerous adsorbents have been investigated for removal of dye from aqueous solution. Some of these are activated carbon [12, 13] , gypsum [14] [15] [16] , zeolite [17] , colemanite [18] , bentonite [19] , peat [20, 21] and flyash [22, 23] .
Sepiolite is a natural clay mineral with formula of Mg8Si12O30(OH)4(OH2)4·8H2O [24, 25] . Sorption of sepiolite is higher than the other clay. Due to the sorptive and structural properties, sepiolite is used in decolorizing, deodorizing, drug, ceramic production and catalytic reaction, etc. [1] . A number of investigations on sepiolite have been reported and continue to be carried out intensively [1, [24] [25] [26] [27] [28] . In this study, the removal of BR 18 onto KF/sepiolite was investigated. The pH, initial dye concentration, contact time and temperature effects were explored. The adsorption studies were analyzed by Langmuir and Freunlich models. Equilibrium data were assessed by pseudo-first order, pseudo-second order and intraparticle diffusion models. Thermodynamic parameters such as ΔH°, ΔG° and ΔS° were also estimated.
Experimental

Adsorbent materials and dye solution
Sepiolite used in this study was obtained from Eskisehir, Turkey. The chemical composition of sepiolite was determined by XRF (Rigaku ZSX Primus II) and given in Table 1 . Sepiolite was modified with KF. The KF/Sepiolite materials were prepared as mentioned in reference [29] . The dye named Basic Red 18 (BR 18) was obtained from DyStar. The chemical structure of BR 18 is given in Figure 1 . Dye stock solution was prepared by dissolving 250 mg of BR 18 in 1 L deionized water. The dye solutions used in the study were obtained by diluting stock solution. pH of the solutions was adjusted by 0.01 M HCl and 0.01 M NaOH. 
Procedure
Batch adsorption experiments were performed onto KF/sepiolite (0.1 g) in a 100 mL beaker containing 50 mg/L dye solution to specify the pH, initial dye concentration, contact time and temperature. At the end of adsorption, dye solutions were centrifuged 4000 rpm for 10 min and remaining liquid dye solution was analyzed by UV-Vis spectrophotometer (Shimadzu 1601) at 489 nm. The amount of adsorbed dye onto KF/sepiolite (q in mg/g) and the removal efficiency (%) were determined by Equation (1) and (2).
Co and Ce represent the initial and dye concentrations at equilibrium (mg/L), respectively. V is the volume dye solution (L) and M is the mass of adsorbent (g) [14, 24] .
Results and discussion
Influence of pH
The pH of the dye solution has a significant effect on the adsorption process. The surface charge of the adsorbent and the ionization degree of adsorbate are affected by pH. The influence of pH on BR 18 adsorption was investigated at pH = 4, 6, 8 and 10 values ( Figure 2 ). As seen in Figure 2 , the adsorption capacity of BR 18 increased with pH and maximum adsorption was found to be at pH = 8 (23.6 mg/g), then the adsorption capacity began to decrease with increasing pH, and optimum pH was found to be 8. Deniz et al. and Bulut et al. reported similar behavior previously [14, 15] . Higher pH value may enhance KF/sepiolite surface charge and facilitates the dye adsorption. Being excess H + at lower pH results the displacement of the cationic dye group which causes low adsorption [14] .
Influence of initial dye concentration
The influence of initial concentration of BR 18 onto KF/sepiolite was carried out concentration range of 25-150 mg/L. The obtained data are given in Figure 3 . As shown in Figure 3 , the removal efficiency of BR 18 decreased with increasing concentration. It downed from 99.7 to 54.3 %. In contrast, adsorption capacity (q) increased with increasing of BR 18 concentration. The q value increased from 12.50 to 40.25 mg/g in 25-150 mg/L dye concentration range. The decreasing in removal efficiency at high dye concentration is in consequence of saturation of the adsorbent pore [6, 14] . 
Influence of contact time
The influence of contact time on removal of BR 18 and adsorption capacity were investigated. The effect of the contact time was given in Figure 4 . It can be seen from Figure  4 that the adsorption and removal efficiency increasing with increased time. It was observed that the removal of dye and the adsorption of dye were fast for the first 10 min and afterward it keeps going slow land lastly reaches equilibrium. The initial fast adsorption is perhaps consequence of plenty of available surface pore. 
Influence of temperature
Temperature is one of the most important parameter in adsorption and gives valuable information about some thermodynamic parameter such as Gibbs free energy, enthalpy and entropy. The influence of temperature on adsorption was researched at 20, 40 and 60 °C. As shown in Figure 5 , the adsorption capacity decreased with increasing temperature. This means that, the adsorption of BR 18 on KF/sepiolite was an exothermic. Similar results were also noted in previous studies [18, 26, 30] . 
Adsorption isotherm
Adsorption isotherms give information about adsorption mechanism. In present study, the adsorption experiments data were searched for Langmuir and Freunlich isotherms.
The mathematical equation of Langmuir isotherm can be expressed as [14] ; ( 3 ) where qm, b, Ce and qe represent monolayer adsorption capacity (mg/g), Langmuir constant (L/mg), equilibrium dye concentration (mg/L) and amount dye adsorbed (mg/g), respectively. Plotting Ce/qe vs Ce gives a straight line and from slope qm and the intercept b can be found. Langmuir isotherm includes a dimensionless factor called RL-defines the favorability of the adsorption process. RL is given as [27] ; ( 4 ) The adsorption process is unfavorable if RL>1, linear if RL=1, favorable if 0< RL<1, and irreversible if RL=0.
In present study, the monolayer adsorption capacity (qm) was found to be 41.6 mg/g, Langmuir isotherm constant (b) is 0.3 L/mg, RL is 0.06 meaning that the adsorption process was favorable with r 2 of 0.988.
Freundlich model is one of the oldest known adsorption isotherm defines that the adsorption occurs on heterogeneous surfaces [31] . Linear form of Freundlich adsorption equation is [1] :
where KF = Freundlich isotherm constant (mg/g), n = adsorption intensity; Ce = the equilibirium concentration of adsorbate (mg/L) and qe = the amount dye adsorbed at equilibrium (mg/g).
The adsorption intensity, , indicates the adsorption nature. Adsorption process is favorable in range of n 1 to 10. If plotting log qe versus log Ce a straight line can be obtained ( Figure 6 ). From the slope of the line was found to be 5.9 and the intercept gave the KF value as 19 and r 2 = 0.993 indicated that the equilibrium data are more compatible with Freundlich isotherm model. The adsorption value 5.9 calculated for n indicates a favorable adsorption process. All parameters obtained from Langmuir and Freundlich isotherms were depicted in Table 2 . 
Kinetics of adsorption
Adsorption is one of the most popular methods used in pollution treatment. To identify the underlying mechanism through adsorption and to understand the performance of adsorbent used in adsorption are significant. There are several kinetic approaches to define the adsorption mechanism. In the present study, the conformity of experimental data were searched for pseudo-first order, pseudo-second order and intraparticle diffusion kinetics model. All kinetic studies were at pH=8, 50 mg/L dye concentration, temperature of 20 °C and 60 min adsorption time.
The pseudo-first order kinetic is described as [30] : (6) where q is the adsorbed dye quantity (mg/g) at t (min) time, qe represent adsorbed dye at equilibrium (mg/g) and k1 is the rate constant of pseudo-first order (1/min). If the values of 1/qe plot against to 1/t a straight line can be obtained. From the linear plot qe and k1 can be found. The pseudo-second order model is expressed as [31] : (7) where k2 is the rate constant of pseudo-second order (g/mg.min). The plot of t/q versus t gives a straight line (Figure 7) . From the slope and intercept qe and k2 can be determined.
Finally, intraparticle diffusion model is given as [14] :
where kp represents the intraparticle diffusion rate constant (mg/g. min and C is about boundary layer (mg/g). Plotting the values of q versus t 1/2 yielded two regions. The first region may the boundary layer effect and the second region indicates the diffusion of dye molecules into adsorbent pores. Similar results were reported in previous studies [18, 30, [32] [33] [34] . The two observed regions in the intraparticle model indicate that at least two steps take place in the adsorption process. All the kinetic data are summarized in Table 3 . From Table  3 , experimental data of adsorption BR 18 were best fitted by the pseudo-second order kinetics model. 
Thermodynamic parameter
Thermodynamic data give a great of knowledge about adsorption nature. The parameter such as enthalpy (ΔH°), Gibbs free energy (ΔG°) and entropy (ΔS°) can be evaluated by following equations [32] :
where ΔG° represents the free energy (kJ/mol), R and T are gas constant (8.314 J/mol.K) and temperature (K), respectively. Kc is the equilibrium constant in form of (qe/Ce). Enthalpy change (ΔH°) and entropy change (ΔS°) can be estimated as:
The plot ln Kc versus 1/T gives a straight line (Figure 8 ). From the slope and intercept of the line ΔH° and ΔS°can be determined, respectively. Here, ΔH° and ΔS° at 20°C were calculated as -50.20 kJ/mol and -0.15 kJ/mol, respectively. ΔG° value was found to be -6.90 kJ/mol. The negative value of ΔG° means that the adsorption process occurs spontaneously in nature. The negative value of ΔS° indicates a decreased randomness at the solid/solution interface. Similar behavior was reported previously [30, 35] . The calculated thermodynamic parameters are presented in Table 4 . 
Conclusion
In this work, the removal of BR 18 was investigated on KF/sepiolite adsorbent as a function of pH, initial dye concentration, contact time and temperature. The optimum conditions for pH, initial dye concentration, contact time and temperature were found to be 8, 50 mg/L, 20 °C and 60 min, respectively. Adsorption isotherm studies showed that equilibrium results complied with Freundlich isotherm model best. Kinetic analysis proved that the adsorption of BR 18 followed pseudo-second order. As a result of thermodynamic investigation for BR 18 on KF/sepiolite, ΔH°, ΔG° and ΔS° were found to be -50.02 kJ/mol, -6.90 kJ/mol and-0.15 kJ/mol.K, respectively. The negative values of ΔH° and ΔG° indicated the adsorption of BR 18 onto KF/sepiolite system was exothermic and spontaneous in nature.
